Introduction
============

A high level of plasma in cholesterol is a risk factor for atherosclerosis, and high plasma levels of low-density lipoprotein cholesterol (LDL-C) promote the development of atherosclerotic disease.[@b1-ijgm-5-535]--[@b3-ijgm-5-535] Since modified LDL (eg, by oxidation) is capable of loading macrophages with cholesterol, while unmodified LDL is not,[@b4-ijgm-5-535] oxidized LDL (oxLDL) is considered particularly atherogenic. Several interactions between the blood components of the coagulation and the fibrinolytic systems play an important role in the progression of atherosclerosis,[@b5-ijgm-5-535] and high levels of plasminogen activator inhibitor (PAI)-1 have been demonstrated in atherothrombosis.[@b6-ijgm-5-535] It has been shown that oxLDL induces PAI-1 expression in endothelial cells,[@b7-ijgm-5-535] and that this oxLDL-induced PAI-1 expression in endothelial cells plays an important role in the pathophysiology of atherothrombosis.[@b8-ijgm-5-535] For example, PAI-1 contributes to thrombin generation and thrombus formation by generating tissue factor.[@b9-ijgm-5-535] Therefore, PAI-1 ultimately causes vascular complications with the participation of the blood coagulation system.

Adiponectin, the most abundant adipose tissue-specific protein, is exclusively expressed in and secreted by the adipose tissue.[@b10-ijgm-5-535] Plasma adiponectin concentrations are known to decrease in obese individuals[@b10-ijgm-5-535],[@b11-ijgm-5-535] with type 2 diabetes[@b12-ijgm-5-535] and to be closely related to whole-body insulin sensitivity.[@b13-ijgm-5-535] The protein occurs abundantly in circulation[@b11-ijgm-5-535] and stimulates nitric oxide production in vascular endothelial cells, which ameliorates the endothelial function.[@b14-ijgm-5-535],[@b15-ijgm-5-535] These observations suggest that the antiatherogenic properties of adiponectin may involve its nitric oxide-dependent anti-platelet effects.

Large clinical trials of 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors (statins) have shown that lowering plasma cholesterol is associated with decreasing incidents of cardiovascular events and a delay in the progression of atherosclerosis.[@b16-ijgm-5-535],[@b17-ijgm-5-535] Animal experiments have demonstrated that statins also inhibit PAI-1 production. [@b18-ijgm-5-535] Pitavastatin is an HMG-CoA reductase inhibitor that significantly reduces the plasma levels of total cholesterol (TC), LDL-C, and triglycerides (TG), while causing modest elevation in the plasma high-density lipoprotein cholesterol (HDL-C).[@b19-ijgm-5-535],[@b20-ijgm-5-535] This statin has various pleiotropic effects on platelets, monocytes/macrophages, and endothelial cells.[@b21-ijgm-5-535]--[@b23-ijgm-5-535] However, the effects of pitavastatin on the connections between activated platelets, PAI-1 and adiponectin, are poorly understood. This study investigates the effects of pitavastatin treatment on the plasma levels of platelet activation markers, PAI-1, and adiponectin, in hyperlipidemic patients. The aim of this study is to determine whether pitavastatin affects the plasma levels of PAI-1.

Materials and methods
=====================

Patients
--------

The study group included 50 normolipidemic controls and 81 hyperlipidemic patients. However, 13 patients dropped out of the study due to disease aggravation or the patient's removal. Therefore, 68 patients were analyzed for this study ([Table 1](#t1-ijgm-5-535){ref-type="table"}; baseline data). Control patients were recruited from the hospital staff as well as other sources. From March 2004 to October 2009, hyperlipidemic patients were selected from the patients admitted to our hospitals. The study protocol was approved by the Institutional Review Board (IRB) of our institutions and written informed consent was obtained from each patient prior to the start of the trial. The participation criteria included the absence of a history of inflammatory, coronary artery, or cerebrovascular disease for 3 months prior to enrollment, as well as the absence of clinically detectable renal (serum creatinine ≥2.0 mg/dL), hepatic (elevated serum transaminase), infectious (fever or elevated white blood cell count), or malignant disease (as determined by ultrasonography or computed tomography). Other lipid-lowering agents were withheld, owing to their potential influence on the data interpretation. These medications were stopped at least 2 weeks prior to the initiation of pitavastatin or simvastatin therapy. Twenty-three patients received aspirin and 44 patients received an angiotensin II receptor blocker (ARB) in addition to the statin. Of the 68 hyperlipidemic patients, 36 had type 2 diabetes ([Table 1](#t1-ijgm-5-535){ref-type="table"}); of these 36, eleven were under treatment with sulfonylureas, 10 with α-glucosidase inhibitors, and seven with insulin injections. Hyperlipidemia was defined in accordance with the Guidelines for Diagnosis and Treatment of Hyperlipidemia in Adults established by the Japan Atherosclerosis Society.[@b24-ijgm-5-535] Hyperlipidemia is defined as LDL-C greater than 140 mg/dL, TG greater than 150 mg/dL, or HDL-C less than 40 mg/dL. LDL-C was calculated using the following formula: LDL-C = TC − (TG/5) − HDL-C. Type 2 diabetes was defined in accordance with the criteria of the American Diabetes Association.[@b25-ijgm-5-535] [Table 1](#t1-ijgm-5-535){ref-type="table"} shows the clinical characteristics of the hyperlipidemic patients and control subjects.

Study design
------------

Pitavastatin at 2 mg/day (Kowa Company Ltd, Tokyo, Japan) was administered to the hyperlipidemic patients for 6 months. No other changes to the pharmacologic regimens of the patients were made during the course of the trial. In addition, changes in food habits, such as diet, were not recorded during this study. The clinical and biochemical data collected before and after 6 months of therapy with pitavastatin were analyzed.

Measurements of the plasma levels of platelet-derived microparticles, soluble factors, PAI-1, and adiponectin
-------------------------------------------------------------------------------------------------------------

Fasting blood samples from patients and controls were collected from the peripheral veins into vacutainers containing EDTA-ACD (NIPRO Co, Ltd, Osaka, Japan) using 21-gauge needles to minimize platelet activation. The samples were gently mixed by inverting the tubes once or twice and were then kept at room temperature for a maximum period of 2--3 hours. Immediately after centrifugation at 8000 g for 5 minutes, 200 μL of the upper-layer supernatant of the 2 mL samples was collected to avoid contamination by the platelets. The collected samples were stored at −40°C until analysis. The platelet-derived microparticle (PDMP) levels were measured twice and the mean values were recorded. Furthermore, some basic studies were carried out prior to this assessment using clinical specimens. The enzyme-linked immunosorbent assay (ELISA) kit used for the PDMP measurement[@b26-ijgm-5-535],[@b27-ijgm-5-535] was obtained from JIMRO Co, Ltd (Tokyo, Japan). Soluble CD40 ligand (sCD40L) was measured with an ELISA kit purchased from Chemikon International Inc (Temecula, CA). Plasma sP-selectin and PAI-1 were measured with a monoclonal antibody-based ELISA kit purchased from Invitrogen International Inc (Camarillo, CA), while plasma adiponectin was measured with an Adiponectin ELISA kit purchased from Otsuka Pharmaceuticals Co, Ltd (Tokyo, Japan). The recombinant products and standard solutions provided with the commercial kits were used as positive controls in each assay. All the kits were used in accordance with the manufacturer's instructions.

Statistical analysis
--------------------

The data were expressed as the mean ± SD and analyzed by a two-factor analysis of variation (ANOVA) for repeated measures, as appropriate. Between-group comparisons were made using the Bonferroni test and within-group differences were determined by Student's *t-* test for paired values. The correlation between the PAI-1 and after continuous-response variables were assessed by a univariate and a multivariate linear regression analysis. *P*-values less than 0.05 were considered statistically significant.

Results
=======

In hyperlipidemic patients, the plasma levels were higher in PDMP, sCD40L, sP-selectin, and PAI-1 and lower in adiponectin ([Table 2](#t2-ijgm-5-535){ref-type="table"}), compared to the normolipidemic controls. For hyperlipidemic patients, univariate analysis showed that BMI, HDL-C, PDMP, sCD40L, sP-selectin, and adiponectin were significantly associated with PAI-1 ([Table 3](#t3-ijgm-5-535){ref-type="table"}). In addition, PDMP, sCD40L, sP-selectin, and adiponectin were significant factors in the multivariate model with PAI-1 ([Table 3](#t3-ijgm-5-535){ref-type="table"}).

No significant differences were observed in the plasma levels of PDMP, sCD40L, sP-selectin, or PAI-1 before and after pitavastatin administration ([Table 4](#t4-ijgm-5-535){ref-type="table"}). On the other hand, plasma adiponectin levels significantly increased after 6 months of treatment with pitavastatin ([Table 4](#t4-ijgm-5-535){ref-type="table"}).

We divided the patients of the pitavastatin group into two subgroups (responders and nonresponders) according to their adiponectin response to the pitavastatin treatment. The responders were defined as patients in whom plasma adiponectin levels increased by one-and-a-half times or more after pitavastatin treatment, compared to their pretreatment levels. As shown in [Figure 1](#f1-ijgm-5-535){ref-type="fig"}, LDL-C levels significantly decreased in the responder and nonresponder groups. However, there were no significant differences in LDL-C levels between the groups. The plasma PDMP, sCD40L, and PAI-1 levels significantly decreased in the responder group after pitavastatin treatment compared with those in the nonresponder group. There were no significant changes in plasma levels of BMI and sP-selectin after pitavastatin treatment in either the responder or the nonresponder group.

Discussion
==========

PAI-1 has a significant effect on the occlusive thrombosis of atherosclerotic lesions,[@b28-ijgm-5-535] and endothelial and smooth muscle cells can produce PAI-1 that localizes in the atheroma.[@b29-ijgm-5-535],[@b30-ijgm-5-535] In addition, oxLDL was revealed to enhance the production of PAI-1 in endothelial and smooth muscle cells.[@b7-ijgm-5-535],[@b31-ijgm-5-535] These reports suggest that PAI-1 may play an important role in the development of atherosclerosis in hyperlipidemic patients. In fact, previous studies have demonstrated an association between the plasma levels of PAI-1 and the risk for future coronary events.[@b32-ijgm-5-535],[@b33-ijgm-5-535] The most interesting finding of this study was that PAI-1 plasma levels were negatively correlated with adiponectin plasma levels. Plasma adiponectin concentrations are known to decrease in obese individuals[@b10-ijgm-5-535] and are closely related to whole-body insulin sensitivity.[@b13-ijgm-5-535] Hotta et al[@b12-ijgm-5-535] report a significant decrease in adiponectin plasma concentrations in patients with type 2 diabetes. Furthermore, it has been reported that adiponectin inhibits monocyte adhesion to endothelial cells.[@b10-ijgm-5-535],[@b34-ijgm-5-535],[@b35-ijgm-5-535] Therefore, it is also possible that adiponectin inhibits the generation of monocyte or endothelial cell-derived tissue factor in which PAI-1 also participates. These reports support the negative correlation between the plasma levels of PAI-1 and adiponectin determined in this study. Hypoadiponectinemia is associated with endothelial dysfunction.[@b36-ijgm-5-535] In addition, hypoadiponectinemia also appears to cause platelet activation. Hypoadiponectinemia is also associated with decreased levels of nitric oxide, which regulates platelet activation, because adiponectin stimulates the production of nitric oxide in vascular endothelial cells[@b14-ijgm-5-535],[@b15-ijgm-5-535],[@b36-ijgm-5-535] and platelet activation is inhibited at low concentrations of nitric oxide. In the present study, the plasma levels of PDMP, sCD40L, and sP-selectin, which induce platelet activation, also significantly increased in the hyperlipidemic patients. Therefore, it appears that a close connection exists between platelet activation, PAI-1, and adiponectin in patients with hyperlipidemia.

Statins play a critical role in cholesterol metabolism.[@b37-ijgm-5-535] Statins also have pleiotropic effects, such as antithrombotic and anti-inflammatory effects.[@b38-ijgm-5-535] Oxidative stress plays a pivotal role in the pathogenesis of atherosclerosis.[@b38-ijgm-5-535] In other words, inflammation is closely associated with the formation of reactive oxygen species (ROS), and ROS activates redoxsensitive genes such as matrix metalloproteinase, intercellular adhesion molecule 1, and PAI-1, resulting in the development of atherosclerosis.[@b38-ijgm-5-535],[@b39-ijgm-5-535] Statins possess such antiredox effects.[@b39-ijgm-5-535]--[@b41-ijgm-5-535] In particular, lovastatin has been shown to inhibit oxLDL-induced PAI-1 elevation.[@b42-ijgm-5-535] However, this study did not observe a significant reduction in PAI-1 plasma levels in the pitavastatin-treated group either. We previously reported that pitavastatin could cause an elevation of adiponectin in hyperlipidemic patients with type 2 diabetes.[@b43-ijgm-5-535],[@b44-ijgm-5-535] In these reports, we inferred two possibilities about this mechanism including the inhibition of production/activity of ROS and an influence on adipocyte physiology via the effects on the sterol regulatory element binding the proteins-1c.[@b45-ijgm-5-535] In addition, we found that pitavastatin caused the adiponectin-dependent reduction of sE-selectin and sL-selectin.[@b44-ijgm-5-535] However, we did not determine a correlation between adiponectin and PAI-1 in previous studies. Nevertheless, when the patients of the pitavastatin group were divided into two subgroups according to the adiponectin response to pitavastatin treatment, a significant decrease in the plasma levels of PAI-1 was found after pitavastatin treatment in the adiponectin responder group. In addition, similar results were found for the PDMP and sCD40L plasma. These results are of interest because reducing PAI-1 plasma plays a potential role in the reduction of the risk of atherothrombosis in hyperlipidemic patients. In addition, the PAI-1 plasma was negatively correlated with adiponectin plasma. These results suggest that pitavastatin causes adiponectin-dependent improvement of the plasma levels of PAI-1, PDMP, and sCD40L in hyperlipidemic patients. We believe that the effects of pitavastatin on PAI-1 activity depend on adiponectin. Therefore, pitavastatin could inhibit the progression of atherothrombosis by decreasing the plasma levels of LDL-C and promoting adiponectin-dependent improvement of the PAI-1, PDMP, and sCD40L plasma.
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![Changes in plasma LDL-C, BMI, PAI-1, PDMP, sCD40L, and sP-selectin levels in the two patient groups divided according to the adiponectin response to pitavastatin treatment. Responders were defined as patients showing an increase by one-and-a-half times or more of the plasma adiponectin concentrations after pitavastatin treatment, compared to pretreatment levels.\
**Notes:** Bars are shown as mean ± SD. \*Student's *t*-test (before versus after pitavastatin treatment); \*\*ANOVA analysis (reponders versus nonresponders).\
**Abbreviations:** LDL-C, low-density lipoprotein cholesterol; BMI, body mass index; PAI-1, plasminogen activator inhibitor; PDMP, platelet-derived microparticle; sCD40L, soluble CD40 ligand; sP-selectin, soluble P-selectin.](ijgm-5-535f1){#f1-ijgm-5-535}

###### 

Demographic and clinical characteristics of hyperlipidemic patients and normolipidemic controls

                   Normolipidemic controls   Hyperlipidemic patients   *P* value
  ---------------- ------------------------- ------------------------- -----------
  n                50                        68                        
  Men/women (no)   33/17                     32/36                     
  Age (years)      54 ± 11                   62 ± 10                   \<0.01
  BMI (kg/m^2^)    24.1 ± 3.7                25.8 ± 3.7                NS
  HbA^1c^ (%)      6.1 ± 2.7                 7.4 ± 2.7                 \<0.05
  TC (mg/dL)       194 ± 33                  249 ± 42                  \<0.001
  LDL-C (mg/dL)    117 ±16                   155 ± 30                  \<0.001
  DM (%)           26.0                      52.9                      
  Smoking (%)      20.0                      23.5                      
  P-CAD (%)        6.0                       13.2                      
  P-CD (%)         6.0                       10.3                      

**Notes:** Data are shown as mean ± SD. *P* value, hyperlipidemic patients versus normolipidemic controls.

**Abbreviations:** BMI, body mass index; HbA~1c~, hemoglobin A~1c~; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; DM, diabetes mellitus; P-CAD, previous history of coronary artery disease; P-CD, previous history of cerebrovascular disease.

###### 

Plasma levels of soluble factors, chemokines, and adiponectin in the normolipidemic controls and hyperlipidemic patients

                        Normolipidemic control   Hyperlipidemic patients   *P* value
  --------------------- ------------------------ ------------------------- -----------
  n                     50                       68                        
  PDMP (U/mL)           8.3 ± 4.3                10.7 ± 4.5                \<0.05
  sCD40L (ng/mL)        9.2 ± 3.7                13.1 ± 3.6                \<0.01
  sP-selectin (ng/mL)   147 ± 35                 179 ± 52                  \<0.05
  PAI-1 (ng/mL)         17.8 ± 2.6               29.6 ± 5.1                \<0.01
  Adiponectin (μg/mL)   4.63 ± 1.55              3.49 ± 1.32               \<0.01

**Notes:** Data are shown as mean ± SD. *P* value, hyperlipidemic patients versus normolipidemic controls.

**Abbreviations:** PDMP, platelet-derived microparticle; sCD40L, soluble CD40 ligand; sP-selectin, soluble P-selectin; PAI-1, plasminogen activator inhibitor 1.

###### 

Univariate and multivariate analysis of PAI-1

                        Univariate   Multivariate            
  --------------------- ------------ -------------- -------- -------
  Age (years)           0.203        0.059          0.097    0.566
  BMI                   0.221        0.053          0.155    0.202
  PLT (×10^4^/μL)       0.076        0.451                   
  WBC (/μL)             0.026        0.795                   
  TC (mg/dL)            0.041        0.625                   
  HDL-C (mg/dL)         −0.263       0.031          −0.239   0.065
  TG (mg/dL)            0.033        0.695                   
  HbA^1c^ (%)           0.136        0.172                   
  BUN (mg/dL)           0.135        0.208                   
  CRTN (mg/dL)          0.137        0.183                   
  PDMP (U/mL)           0.319        \<0.001\*      0.252    0.009
  sCD40L (ng/mL)        0.281        \<0.001\*      0.212    0.044
  sP-selectin (ng/mL)   0.268        \<0.001\*      0.217    0.023
  Adiponectin (μg/mL)   −0.272       \<0.001\*      −0.215   0.049

**Note:** β is the standardized regression coefficient.

**Abbreviations:** PLT, platelet count; WBC, white blood cell; TC, total cholestrol; HDL-C, high density lipoprotein cholesterol; TG, triglycerides; HbA~1c~, hemoglobin A~1c~; BUN, blood urea nitrogen; CRTN, creatinine; PDMP, platelet-derived microparticle; sCD40L, soluble CD40 ligand; sP-selectin, soluble P-selectin; PAI-1, plasminogen activator inhibitor 1.

###### 

Changes in the plasma levels of soluble factors, PAI-1, and adiponectin before and after pitavastatin treatment in hyperlipidemic patients

                        0             6M            *P* value
  --------------------- ------------- ------------- -------------
  PDMP (U/mL)           10.7 ± 4.5    9.8 ± 4.6     NS
  sCD40L (ng/mL)        13.1 ± 3.6    12.8 ± 3.5    NS
  sP-selectin (ng/mL)   179 ± 52      172 ± 46      NS
  PAI-1 (ng/mL)         29.1 ± 5.1    26.2 ± 4.9    NS
  Adiponectin (μg/mL)   3.49 ± 1.32   4.36 ± 1.29   *P* \< 0.05

**Notes:** Data are shown as mean ± SD. *P* value, 0 versus 6 months.

**Abbreviations:** PDMP, platelet-derived microparticle; sCD40L, soluble CD40 ligand; sP-selectin, soluble P-selectin; PAI-1, plasminogen activator inhibitor 1; NS, not significant.
